Introduction
Dendritic cells (DCs) have been thought to regulate T-cell mediated immunity primarily by directing differentiation of naïve T cells. DCs sense the nature of an offending pathogen via pattern recognition receptors (PRRs) 1, 2 . Engagement of PRRs triggers DC maturation and induces expression of co-stimulatory molecules and secretion of cytokines that determine T cell cytokine production [3] [4] [5] . During the first four to six divisions of naïve T cells, the cytokine profile is imprinted by chromatin remodeling of relevant gene loci. These changes are transferred to daughter cells and perpetuated through the generation of long-lived memory T cells, which rapidly secrete the same cytokines upon re-challenge with the antigen [6] [7] [8] .
The notion that cytokine profiles are determined at the level of naïve T cells is supported by studies of cloned memory T cells and short-term cultures of naïve T cells.
Nevertheless, a substantial fraction of memory T cells remain unpolarized in vivo 8 . Their undifferentiated state can be retained for several cell generations by manipulating the antigen dose or the cytokine environment 9, 10 . Even differentiated subsets such as effector T cells,
show dual IL-4 and IFN-γ production, suggesting lack of full Th1 or Th2 polarization 11 . Cells cloned under Th1-polarizing conditions can remodel chromatin and produce IL-4 when cultured under Th2 conditions 12 .
Freshly isolated memory T cells, moreover, show a wide range of thresholds for re-activation 13 . Memory responses are therefore subject to extensive regulation.
Human blood contains two major subsets of DCs; plasmacytoid DCs (PDCs) 14, 15 , which can be identified by their high levels of CD123 15 , and CD11c + DCs 16 . The cells differ in their PRRs, cytokine profiles and ability to induce polarization of naïve T cells 3, [17] [18] [19] [20] .
CD11c
+ DCs produce IL-12 and are potent inducers of Th1 cytokine secretion 21 . Human
PDCs do not secrete IL-12 21 and can drive Th2 development in the absence of microbial PRR engagement 17 . In response to viruses and TLR ligands, such as CpG DNA or dsRNA, PDCs only.
For personal use at PENN STATE UNIVERSITY on February 22, 2013. bloodjournal.hematologylibrary.org From produce large amounts of type I interferons and stimulate Th1 differentiation [22] [23] [24] [25] [26] [27] [28] . Under certain conditions, or in specific anatomical locations, PDCs may have tolerogenic functions (reviewed in 18, 29 ). Naïve T cells activated by PDCs acquire features of certain regulatory T (Tr) cells 30, 31 , including the combined secretion of IFN-γ and IL-10, characteristic of socalled Tr1 cells 32, 33 . PDCs activated by CpG-nucleotides induce CD25 + FoxP3 + Tr cells from naïve T cells 5 . When stimulated by CTLA4-Ig or OX2(CD200)-Ig, PDCs produce indoleamine 2,3-dioxygenase, which may contribute to their tolerogenic potential 1, 34 .
Furthermore, PDCs prevent sensitization to harmless antigens in a mouse asthma model 35 .
The presence of large numbers of PDCs in sterile human fetal lymph nodes suggested a role in tolerance development 15 , and PDCs located in peripheral lymph nodes, but not spleen, were recently shown to mediate tolerance to vascularized grafts in a murine allograft transplantation model 36 .
PDCs and CD11c + DCs accumulate at inflammatory foci 24, 37, 38 . 
Materials and methods

Virus
A low passage (<5) clinical isolate of HCMV (HCMV2006) was propagated in human embryonic fibroblasts and purified by gradient centrifugation, as previously described 42 .
Mock preparations were treated in the same way.
Cell isolation
This study was approved by the Regional Ethics Committee and written consent was obtained from subjects in accordance with the Declaration of Helsinki. Buffy coats were obtained from healthy blood donors or volunteers with a known HCMV status as determined by serology and PCR. Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation (Lymphoprep™; Axis-Shield, Oslo, Norway). PDCs and CD11c + DCs were then isolated by BDCA-4 and BDCA-1 DC isolation kits (Miltenyi Biotec, Bergish Gladbach, Germany) to a purity of >98% as previously described 42 .
To generate immature monocyte-derived DCs (imoDCs), monocytes were isolated with CD14 Microbeads (Miltenyi Biotec) (>96% pure) and cultured (10 6 cells/mL) for 7 days in RPMI containing 10% FCS, GM-CSF (100 ng/mL, Leukomax®; Sandoz, Basel, Switzerland), and IL-4 (50 ng/mL, R&D Systems, Minneapolis, MN) as previously described 42 . . Blocking was confirmed by cytokine measurements in supernatants (see below). 
CD4
Flow cytometry and T cell proliferation
IFN-γ positive T cells in the CD11c
+ DC cultures at 24 h ( Figure 1E ). The levels of IFN-α were high in co-cultures with PDCs, as expected 42 , whereas IL-12p70 was produced only in only.
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PDCs selectively expand T cells that produce cytokines upon re-challenge with antigen
The above results suggested that PDCs and CD11c + DCs polarize memory responses similarly to what has been described for naïve T cells 5, 17, 30, 43 . To further address this question, we Collectively, these data showed that the memory response to HCMV is highly dependent on the type of APC, and that PDCs have a prominent ability to expand antigenspecific T cells secreting a combination of pro-inflammatory and suppressive cytokines. The low frequencies of cytokine-producing T cells in the cultures containing CD11c + DCs suggested that many of these T cells were bystanders.
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A large fraction of memory T cells produce IL-10 but not IFN-γ within hours after interaction with freshly isolated PDCs and antigen
We speculated that the disparate cytokine profiles induced by PDCs and CD11c Figure 5C , red dots) during co-culture with PDCs or CD11c + DCs. Here, however, the expression levels were intermediate, and no differences were observed between the two co-cultures ( Figure 5C ). Thus, differential IL-10 production did not reflect selective induction of FoxP3 + Tr cells by PDCs.
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IL-10-secreting T cells are activated both by PDCs and CD11c
+ DCs and acquire the ability to produce IFN-γ during culture
The above results showed that PDCs induce rapid IL-10 production in memory T cells.
Furthermore, the DC-dependent T-cell cytokine profiles were maintained during a second round of stimulation with imoDCs (Figure 2 ), which could suggest that a particular DC imprints lasting skewing of the cytokine production. However, the experiments did not exclude the possibility that PDCs selectively activate an IL-10-producing subpopulation of memory T cells that is not engaged by CD11c + DCs.
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IL-10-producing memory T cells suppress proliferation of autologous PBMCs in an IL-
10-dependent manner
We examined whether the levels of IL-10 secreted by PDC-activated T cells were sufficient to suppress T cell proliferation. Isolated IL-10-producing cells were added to autologous only.
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